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a DETERMINE THE NUMBER OP DIVISIONS ALONG THE STRINGER LENGTHS AT 

WBICH STRESSES ARE TO BE COMPUTED FOR PLOTTING. 
I 

The sections u·sed for stress computation in the spreadsheet 
should be the same those used in the computation of the vertical 

I 

load stresses. Thi:S is particularly important since the stresses 
will be added to give the final stress diagrams along the stringers 

' in Table IV.3. Therefore, the spacing used here is the same as 
that which was used 1n the vertical load stress computations (i.e., 
one ft). 

I 

I 
; 

Half-bridge = 150/2 = 75.00 ft 
Number of divisions = 75.00 / 1.00 = 75 divisions 

a INPUT THE NUMBER i OP DIVISIONS INTO THE SPREADSHEET 
I 

In this example, it was determined that 75 divisions would be 
I 

used. The maximum n'umber of di visions permitted in the spreadsheet 
is so. 

a PRESS ALT-E 

This macro the number of divisions specified to create 
the first column of Table IV. 2. The user can override these values 
to input other val4es for the location of the sections at which 
stresses are to belcomputed (unequal spacing of the sections is 

' 
allowed) • These positions do not have to be equally 
spaced, but should .match those used for computation of vertical 

' load stresses. 

a PRESS ALT-Y i 
I 
I 
' I 

This macro uses: the section properties in Table IV.l to create 
a table containing section properties for each section along 
the stringer length1

• It is usually unnecessary for the user to 

I 
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review this table, however, the table is given in spreadsheet area 

[5490 •• AI580]. 

a PRESS ALT-R 

This macro uses the final design force values in Table III.3, 

together with the force and moment fractions computed for the 

bridge, to compute the axial force and moment values due to the 

strengthening system at the stringer sections previously 

identified. The stress values are placed in columns [2 through 5] 

of Table IV. 2 • A portion of Table IV. 2 is shown here for 

illustration, and a full printout of the table is given in Appendix 

B. 
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a IMPORT FILE 11STRESS.VRT11 INTO THE SPREADSHEET TABLE IV.3. 
I 

The file "STRESS.VRT" contains the stresses due to the applied 

vertical loads as explained in Sec. 5.4. Since the file will be 
I 

imported into columns [B through E] of Table IV.3 of the 

spreadsheet, it is important to check that the number of rows in 

the file does not exceed 80. Also, one should check that the 

computed stresses aFe placed in the file in the correct order as 

was explained in Sec. 5.4. 
I 

I 

I 

To import the file, move the cursor to the cell in the first 
I 

row and the second column of numbers of Table IV.3. Use " / FILE 

IMPORT NUMBERS A:\STRESS.VRT ", and press RETURN. The file is 
I 

imported into columns [B through E] of Table IV.3. The table now 

takes this form: 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

----- ----------'-----------------------------
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a CHECK THE MAXIMUM STRESSES IN THE LAST TWO ROWS OF TABLE IV.3. 

The last two rows of Table IV.3 entitled "MAX & MIN" give the 
maximum positive and negative stresses in the bottom flanges of the 
stringers, respectively. The values in the last four columns of 
these rows indicate the maximum and minimum stresses after 
strengthening and should not exceed the allowable stress limits. 

In this example, the maximum tension stress on the interior 
stringer was found to be 18.03 ksi on the exterior stringer and 
18.15 ksi on the interior stringer, which are slightly larger than 
the allowable stress limit of 18 ksi. The reason for this is that 
in this design procedure, the maximum stress section was assumed to 
be at a distance of 40% of the end-span length from the support. 
Checking the stress values in Table IV.3, the actual maximum stress 
section is shifted slightly towards the midspan. To account for 
this slight overstress, one possibility is to increase the 
overstress value at sec. [ 4] and repeat the spreadsheet design 
steps starting from Table II.2. 

overstress at sec. [l] = 3.56 + ( 18.03 - 18.0 ) = 3.59 ksi. 
Overstress at sec. [4] = 4.48 + ( 18.15 - 18.0 ) = 4.63 ksi. 

Details of the repeated design steps are not shown here. 

a GRAPHS OP THE FINAL STRESSES ON THE EXTERIOR AND INTERIOR 

STRINGERS 

Reviewing the graphs of the final stresses is particularly 

important due to the several locations along the stringers at which 
the stresses could exceed the allowable limits. 

To view the graphs use " / GRAPH NAME USE ", use the arrow 
keys to choose the desired graph, and press RETURN. After viewing, 
the user can leave the graphics screen by pressing RETURN. Four 
named graphs are available for the engineer to review: 
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EXTINITL: Exterior ~tringer stress envelopes before strengthening: 
See Fig. ;5.Ja. 

INTINITL: Interior ~tringer stress envelopes before strengthening: 
See Fig. '5. Jb. 

EXTFINAL: Exterior :stringer stress envelopes after strengthening: 
See Fig. 15. 7a 

! 

INTFINAL: Interior 'stringer stress envelopes after strengthening: 
See Fig. ·5. 7b 

I 

5.9.2. Stresses in the top flanges of the steel stringers 

j 

a CHECK THE STRESS'S IN THE STRINGER TOP FLANGES 

I 

In positive moment regions, the stresses in the top fibers of 
the steel stringers are relatively small. In this example, the 
maximum stresses in' the top fibers before strengthening are equal 
to: 

- 5.17 ksi at Se¢. [l] 
- 6.93 ksi at Sec. [4] 

Since the stresses are below the allowable stress level, and 
i 

the effect of the st'rengthening system is to produce a reduction in 
stresses at these sections, there is no need to check the stresses 
after strengthening~ 

In the negativ:e moment regions, 

based on the "bare" steel sections. 
all stresses are computed 

Due to the symmetry of the 

section and the top and bottom coverplates, the stresses in the top 
i 

flange are equal to: those in the bottom flange. Also, since the 
axial forces result~ng from the post-tensioning system ar~ small at 
the piers, the stre~s reduction is achieved solely by the· moments 
imposed by the st~engthening system. Therefore, the stress 

I 

reduction is the same at the top and bottom fibers, and there is no 
need for an additional stress check. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1. 
I 
I 
I 
I 
I 
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5.9.3. Stresses in the concrete deck 

a CHECK THE STRESSES ZN THE CONCRETE DECK 

The allowable compression stress in the concrete is given by: 

fC au = 0 :. 4 f 'c = 0 • 4 x 3 • 0 0 = 1. 2 ks i comp • 
In this example, the maximum compression stresses in the concrete 
deck are equal to: : 

0.44 ksi comp. 
0.59 ksi comp~ 

< 1.20 ksi comp. 
< 1.20 ksi comp. 

at Sec. [ 1) 
at Sec. [ 4) 

The effect of l the strengthening system is to reduce the 
concrete stresses at these sections. However, one must check to 

! 

determine if there are excessive tension stresses at these sections 
I 

which would cause e~cessive deck cracking. 

s.10. Accounting f~r post-tensioning losses and approximations in 
the design m~thodoloqy 

As explained iri Sec. 4.2 of Ref. 8, several assumptions have 
I 

been made in developing the design methodology which may result in 
some small errors i in the computed strengthening forces. In 

' 
addition, the post~tensioning losses which occur in the tendons 

with time need to b~ taken into account. 

In the force a'nd moment fraction formulas, the error range 

varies from one foxfmula to another, which makes it difficult to 
account for the err~rs using the error ranges given in Appendix A. 
An easier approach t:o account for the errors and losses is outlined 
in Sec. 4. 2 of Ref ·1 8. The approach is based on increasing the 
design force values[bY 8% and checking the stringer stresses for 
the design forces with and without the increase. 

I 
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D INCREASE ALL DESIGN FORCE VALUES BY 8% 

Fl = 41.00 x 1.08 =·44.28 kips 

F2 = 67.00 x 1.08 = 72.36 kips 

F3 = 9.50 x 1.08 = 10.26 kips 

F4 = 82.00 x 1. 08 = 88.56 kips 

F5 = 82.00 x 1.08 = 88.56 kips 

D CHECK STRINGER STRESSES FOR THE REVISED DESIGN FORCES 

Although the revised Table III. 3 with Fl= 44. 28 kips, F2= 

72.36 kips, etc. has not been included, all stresses were within 

allowable limits. The user should input the new design force 

values into the "Force" column in Table III. 3 and repeat the stress 

check procedure. 



1· 
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6. SUMMARY 

Two methods of strengthening continuous-span composite bridges 
have been described in this manual. The first is the post­
tensioning of the positive moment regions of the bridge stringers, 
the second is the addition of superimposed trusses to the exterior 
stringers at the piers. 

The use of post-tensioning and superimposed trusses is an 
efficient method of correcting flexural overstresses in under 
capacity bridges. However, if the bridge has other deficiencies 
such as inadequate shear connection, fatigue problems, or extensive 
corrosion, correction or elimination of these problems must be 
considered in the decision to strengthen or replace a given bridge. 

Transverse and longitudinal distribution of axial forces and 
moments induced by the strengthening system occur since the bridge 
is an indeterminant structural unit. The force and moment 
distribution fraction formulas developed in this manual (valid for 
standard Iowa DOT V12 and V14, three-span, four-stringer bridges) 
provide the practicing engineer with a tool for determining the 
distribution of forces and moments induced by the strengthening 
system throughout the bridge. These formulas are valid within the 
limits of the variables stated 

distribution fraction formulas 
recommended. 

in this manual. Use of the 
beyond these limits is not 

Post-tensioning (and the superimposed trusses) will reduce 
elastic, flexural-tension stresses in bridge stringers, will induce 
a small amount of camber, and will increase the strength of the 
bridge. Post-tensioning of the positive moment regions· and the 
application of superimposed trusses both increase the redundancy of 
the original structure and thus both increase the strength. Post­
tensioning of the positive moment regions does not, however, 
significantly reduce live load deflection. Superimposed trusses as 
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a result of providing an additional "load path" slightly reduce 
live load deflecti~ns. Neither post-tensioning the positive moment 
regions nor the s~perimposed trusses significantly affect truck 
live load distribution. If qualified contractors install the 

, I 
strengthening system and perform the actual post-tensioning with 

care, relatively little short term loss of post-tensioning will 
occur. 

For long-term preservation of the strengthening system, 
components (such as the tendons, brackets, truss tubes, etc.) must 
be protected against corrosion. It also should be noted that 

I 

removal of portions of the bridge deck or integral curbs after 
strengthening will! cause losses in the tendon forces. Also, 

reduction of the cross-section (removal of a portion of the deck or 
I 

integral curbs) while the bridge is post-tensioned will result in 
undesired and poss~bly damaging large upward deflections of the 
bridge. Thus, in ~est instances, it is advisable to completely 

I 

remove or signif ic~ntly reduce the post-tensioning forces before 
I 

removing portions of deck and/or integral curbs. 
i 

I 

The design m~thodology for strengthening continuous-span 
• • ! bridges is extremely complex due to the fact that both transverse 

' 
and longitudinal distribution of the strengthening forces must be 

taken into account.' To simplify the procedure, a spreadsheet has 
been developed for :use by practicing engineers. This design aid 
greatly simplifies the design of a strengthening system for a given 

bridge in that it eliminates numerous tedious hand calculations, 
I 

computes the different force and moment fractions, and performs the 
necessary i teratiotjs for determining the required strengthening 

forces. 
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APPENDIX A 

FORMULAS FOR FORCE AND MOMENT FRACTIONS 

-l 



I 
I 
I 
I 

·1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
·I 
I 
I 
I 

88 

Definition of terms 

R2 = Coefficient of Determination. 

ERROR= Predicted value (using formula) 

- Actual value (from finite element analysis). 

Strengthening schemes: 

Case A : Post-tensioning of all end-span exterior stringers. _ 

Case B : Post-tensioning of all end-span interior stringers. 

Case C : Post-tensioning of all center-span exterior stringers. 

Case D : Post-tensioning of all center-span interior stringers. 

Case E : Superimposed trusses on exterior stringers at all pier locations. 

For cases A, B, and E: 

FFi = Force Fraction at Sec (i) 
Axial force in exterior stringer at Sec (i) 

- Total axial force on the bridge at Sec (i) 

MFi - Moment Fraction at Sec (i) 
Moment in exterior stringer at Sec (i) 

- Total moment on the bridge at Sec (i) 

For cases C and D: 

FFi = Force Fraction at Sec (i) 
Axial force in interior stringer at Sec (i) 

- Total axial force on the bridge at Sec (i) 

Moment in interior stringer at Sec (i) 
MFi - Moment Fraction at Sec (i) -

Total moment on the bridge at Sec (i) 
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Definition of parameters 

: TOTAL BRIDGE LENGTH 
XL = O.Ol57 ~ STRINGER SPACING + O.J 

I 

0.50 < XL < 1.QO 
I 

i 

I 

DECK THICKNESS 
Xs = g,o x STRINGER SPACING 

0.50 < Xs < i.90 

5 
LENGTH OF POST - TENSIONED PORTION OF END SPAN 

Xpi = 1. x : LENGTH OF END SPAN 

0.60 < Xp1 < 1.00 

i 
I 
I 

i 

Xp2 = 1.5 
LENGTH OF POST - TENSIONED PORTION OF CENTER SPAN 
x~:~~~~~~~~~~~~~~~~~~~~~-

LENGTH OF CENTER SPAN 

0.60 < Xp2 < 1~00 

UENGTH OF SUPERIMPOSED TRUSS TENDON 
Xpa = 1.5 x , LENGTH OF END SPAN 

0.60 < Xpa < LOO 

I 
I 
I 
I 
I 
·I 
I· 
I 
I 
I 
I 
I 
I 
I 
I 
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Table. A.I. For~e Fractions for strengthening scheme [A]. 

I 
i 

FF = 0 1659; 0.4l 7l 0.0490 - 0 1035 X 
1 . I+ x + x . Pl 

: . S L 

0.76 < FF1 < 0.92; R2 = 0.98; -0.010 <ERROR< +0.015 

0.6331 
FF2 = - 0.1460 + -- + 

Xs 
0.0465 

- 0.2650 Xp1 
XL 

' 2 0.62 < FF2 < 0 .. 84 ; R - 0.97 ; -0.020 < ERROR< +0.020 
I 

FF
3 

= _ O.l9~8 + 0.4057 + 0.0234 + 0.2099 
Xs XL Xp1 

I 
I 

: 2 0.66 < FF3 < 0.82; R - 0.97; -0.015 <ERROR< +0.015 
I 

0.0377 
FF4 - - 0.1254 + 0.4852 Xs - 0.0181 XL + + 0.0763 Xp1 

XL 
I 

0.0417 
I 

0.17 < FF 4 < 0;25 ; R2 
- 0.96 ; -0.008 < ERROR < +0.010 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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Table. A.2. Moment Fractions for strengthening scheme [A]. 

MF1 = 1.4444 - 1.0496 Xs - 0.1532 XL + 0~724 
Pl 

0.68 < MF1 < 0.86; R2 = 0.98; -0.010 <ERROR< +0.013 

0.0782 0.2663 
MF2 = 1.6750 - 1.4748 Xs + XL -

Xp1 

0.53 < MF2 < 0.82 ; R2 = 0.99 ; -0.015 <ERROR< +0.020 

MF3 = 0.0084 + 
0·~557 + 

0·~L25 + 0.0503 Xp1 

0.66 < MF3 < 0.82 ; R2 = 0.98 ; -0.015 <ERROR< +0.020 

0.6780 
- - 5.8310 + 0.8482 Xs - 0.6426 XL + + 1. 7923 Xp1 

XL 

4. 7586 0.6578 
+ x + 0.5884 XL Xp1 -

Pl XL Xp1 

1.20 < MF4 < 2.00; R2 = 0.99; -0.030 <ERROR< +0.040 

MF X 0.2371 XL + 
o.x10L34 _ o.6381 

5 = + 2.8190 - 2.3043 s -
Xp1 

• 
0.35 < MF5 < 1.00; R2 = 0.98; -0.040 <ERROR< 0.060 

0.0547 
MF 6 = + 0.8804 - 0.8078 Xs + 0.0570 XL + XL 

0.47 < MF6 < 0.57 ; R2 = 0.96 ; -0.015 <ERROR< +0.025 
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Table. A.3. Force Fractions for strengthening scheme [BJ. 

0.0419 
FF1 = 1.4847 - 1.1178 Xs + 0.1157 XL + - 0.0576 Xp1 

XL 

0.81 < FF1 < 0.92 ; R2 = 0.96 ; -0.015 < ERROR< +0.015 

FF2 = 1.7760 - 1.6438 Xs + 0.1516 XL + 
0·~6L17 - 0.2043 Xp1 

0.70 < FF2 < 0.86; R2 = 0.96; -0.020 <ERROR< +0.015 

0.0395 
- 1.4215 - 1.0827 Xs - 0.0356 XL + - 0.2193 Xp1 

XL 

0.0828 
+ x + 0.1636 XL Xp1 

Pl 

0.72 < FF3 < 0.86; R2 = ·o.96; -0.015 <ERROR< +0.015 

0.0219 
- - 0.2683 + 0.5053 Xs + 0.0411 XL - + 0.2395 Xp1 

XL 

0.13 < FF4 < 0.21 ; R2 = 0.97 ; -0.006 <ERROR< +0.008 



95 

Table. A.4. Moment Fractions for strengthening scheme [BJ. 
I 

I 0.0405 0.1008 
MF1 = 1.1697' - 0.9576 Xs + + X + 0.0849 XL Xp1 

I XL Pl 

I 

0.77 < MF1 < 0~87; R2 
- 0.96; -0.020 <ERROR< +0.010 

I 

0.0652 0.2531 
MF2 = 1.0494: - 1.3421 Xs + + X + 0.1488 XL Xp1 

XL Pl 

i 
0.62 < MF 2 < 0\80 ; R2 = 0.96 ; -0.030 < ERROR < +0.015 

I 

i 
- 1.4142 - 0.9255 Xs - 0.3347 XL + 0.2518 XL2 

I 

I 

+ 0.0305 Xp1 
I 

0.72 < MF3 < 0:80; R2 
- 0.93; -0.015 <ERROR< +0.015 

I 

0.6102 
- - 4.6041 + 1.1642 Xs - 1.9754 XL + + 0.8588 Xp1 

XL 

4.3578 . x x 0.5963 
+ X , + 1. 7884 L Pl -

J;'l XL Xp1 

1.20 < MF 4 < 1.,85 ; R2 
- 0.99 ; -0.030 < ERROR < +0.030 

MFs = 0.9533 i- 1.8118 Xs + 0.~3L61 + 0.7762 Xp1 
! 
: 2 

0.50 < MF5 < Lp5 ; R = 0.98 ; -0.040 <ERROR< +0.030 

0.0268 
MF6 = 0.9568 :- 0.9214 Xs + 0.1971 XL + XL 

0.50 < MF6 < 0_'59; R2 = 0.95; -0.020 <ERROR< +0.010 
i 
! 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1: 
I 
I 
I 
I 
I 
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Table. A.5. For~e Fractions for strengthening scheme [CJ. 

0.21 < FF1 < o.27 ; R2 = 0.84 ; -0.015 < ERROR< +0.020 

0 0042 0.0604 
FF2 = 1.1259 ;- 0.7558 Xs - ·XL - 0.0719 XL Xp2 + Xp

2 

0.63 < FF2 < o.75 ; R2 = 0.93 ; -0.020 < ERROR< +0.015 
I 

1.4098 
0.0744 0.1110 

- 1.2269 Xs + - 0.2491 Xp2 + --
XL Xp2 

: 
' 2 

0.51 < FF3 < 0.73 ; R 
I 
I 

0.93 ; -0.030 < ERROR < +0.030 

I 
I 
I 
I 
I 
I 
I 
·1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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Table. A.6. Moment Fractions for strengthening scheme [CJ. 

0.0831 
MF1 = 0.9832 - 1.7646 Xs + 0.5882 Xp2 + X X 

L P2 

0.32 < MF1 < 0.74; R2 = 0.99; -0.025 <ERROR< +0.010 

0.487 4 0. 7383 
- 0. 7190 - 0.6419 XL + XL - 1.0113 Xp2 + 

0.3317 
+ 0.9387XL Xp2 - X X 

L P2 

Xp2 

0.90 < MF 2 < 1.25 ; R2 = 0.93 ; -0.060 < ERROR < +0.060 

MF3 - 0.1070 - 1.060 Xs - 0.6953 XL + O.~L83 + 0.2219 Xp2 

0.7311 
+ x + 0.9839 XL Xp2 

P2 

0.65 < MF3 < 0.83; R2 - 0.98; -0.020 <ERROR< +0.015 

MF 4 - 1. 7184 - 1.5195 Xs - 0.3942 XL + 
0·~3L19 - 0.6210 Xp2 

0.2605 0.1500 
+ X + 0.4269 XL Xp2 -

P2 XL Xp2 

0.50 < MF4 < 0.77; R2 = 0.98; -0.020 <ERROR< +0.025 
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Table. A. 7. Force Fractions for strengthening scheme [D]. 

0.0238 
FF 1 = - 0.0081 + 0.3222 Xs - 0.0240 XL + 0.0639 Xp2 -

Xp2 

0.16 < FF1 < 0.23; R2 = 0.88; -0.010 <ERROR< +0.020 

FF2 = 1.3411 - 0.8362 Xs + 0.0653 XL - 0.1033 Xp2 - 0.0589 XL Xp2 

0.71 < FF2 < 0.80; R2 = 0.91 ; -0.015 <ERROR< +0.015 

FF 3 = 1.6851 - 1.3404 Xs + 0.0500 XL - 0.2444 Xp2 

0.60 < FF3 < 0.78; R2 = 0.90; -0.030 <ERROR< +0.030 
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Table. A.8. Motnent Fractions for strengthening scheme [DJ. 

0.1003 
- 0.4763, - 1.3346 Xs + 0.1545 XL + + 0.5963 Xp2 

XL 
' 
I 

0.1720 
+ x: P2 

' 2 0.50 < MF1 < Q.75; R - 0.96; -0.030 <ERROR< +0.030 

: 0.5503 
0. 7626' + 0.1591 Xs - 1.5176 XL + - 1.2904 Xp2 

1.0697 
+ x: + 1.7569 XL Xp2 

P2 

XL 

1.00 < MF2 < 1:.30; R2 
- 0.95; -0.035 <ERROR< +0.040 

MF a - 0.2304. - 0.8381 Xs + 0.0655 XL + 0.0
4
0
5 

+ 0.6248 Xp2 
XL 

0.3385 . + x ; + 0.0760 XL Xp2 
P2 

0.75 < MFa < Or84; R2 
- 0.93; -0.020 <ERROR< +0.010 

MF 4 - 1.5390 . - 1.4148 Xs - 0.5483 XL + 
0·~1L46 - 0.8432 Xp2 

0.3868 0.2036 + x + 0.9180 XL Xp2 -
P2 XL Xp2 

0.60 < MF4 < 0;18; R2 = 0.94; -0.040 <ERROR< +0.025 
' 
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Fig. A-5. Locations of distribution fractions 
for strengthening scheme [E]. 
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Table. A.9. Mo~ent Fractions for strengthening scheme (E]. 

MF1 - 0.8058: - 0.9633 Xs 

o.2d24 
+ XL 

I 

0.4868 XL + 0.1297 Xp3 + 0.4863 Xp3 XL 

0.15 < MF1 < d.85; R2 
- 0.99; -0.020 <ERROR< +0.015 

0.1419 0.5645 
= 1.0614 - 0.8774 Xs + - 0.1127 Xp3 + 

XL Xp3 

0.1302 
- 0.37,96 XL Xp3 -

XL Xp3 
I 

1.00 < MF2 < 1:.45 ; R2 - 0.97 ; -0.050 <ERROR< +0.030 
I 

MF3 = 1.4033; - 0.9035 Xs + 0.0520 XL - 0.2553 Xp3 - 0.1892 XL Xp3 

0.55 < MF 3 < d.90 ; R2 
- 0.99 ; -0.008 < ERROR < +0.013 

0.3008 
- 0.8143 l - 0.4088 Xs + 0. 7628 XL + - 1.5101 XL Xp3 

Xp3 

0.80 < MF4 < 11.30 ; R2 
- 0.99 ; -0.020 <ERROR< +0.025 

MFs = 0.2333! - 0.3800 Xs + 0.3370 Xp3 + O.~L48 

I 
: 2 0.25 < MF5 < 0.70; R = 0.99; -0.015 <ERROR< +0.015 

I 
I 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

NOTE: 

104 

APPENDIX B 

DESIGN METHODOLOGY 
SPREADSHEET TABLES 

This appendix contains two tables which are printouts 
from the spreadsheet (STRCONBR.WKl). The tables are 
TABLE. IV. 2 and TABLE. IV. 3 • Due to their large size 
only portions of these tables were given in Chp.5. The 
printout given in this appendix have been reduced in 
size. 

------------------'-----------------------~ 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Distance 

(ft) 

o.oo 
1.00 
2.00 
3.00 
4.00 
5.00 
6.00 
7.00 
8.00 
9.00 

10.00 
11.00 
12.00 
13.00 
14.00 
15.00 
16.00 
17.00 
18.00 
19.00 
20.00 
21.00 
22.00 
23.00 
24.00 
25.00 
26.00 
21.00 
28.00 
29.00 
30.00 
31.00 
32.00 
33.00 
34.00 
35.00 
36.00 
37.00 
38.00 
39.00 
40.00 
41.00 
42.00 
43.00 
44.00 
45.00 
46.00 
47.00 
48.00 
49.00 
50.00 
51.00 

Axial Poree 

(kips) 
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TABLE.IV.2. 

Bending Moment at 
standard neutral 

axis (in.k) 

1-1-1 
Exterior,Interior 
Stringer Stringer 

1-1-1 
Exterior,Interior 
Stringer Stringer 

o.oo o.oo 
0.52 -0.52 
1.04 -1.04 
1.56 -1.56 
2.07 -2.07 
2.59 -2.59 

17.61 23.39 
47.13 75.87 
47.40 75.60 
47.67 75.33 
47.95 75.05 
48.22 74.78 
48.49 74.51 
48.76 74.24 
49.03 73.97 
49.30 73.70 
49.58 73.42 
49.85 73.15 
50.12 72.88 
50.17 72.83 
50.12 72.88 
50.08 72.92 
50.03 72,97 
49.99 73.01 
49.94 73.06 
49.90 73.10 
49.85 73.15 
49.81 73.19 
49.76 73.24 
49.72 73.28 
49.67 73.33 
49.63 73.37 
49.58 73.42 
20.60 20.40 

5.98 -5.98 
5.74 -5.74 
5.50 -5.50 
5.25 -5.25 
5.01 -5.01 
4.77 -4.77 
4.53 -4.53 
4.28 -4.28 
4.04 -4.04 
3.80 -3.80 
3.55 -3.55 
3.31 -3.31 
3.07 -3.07 
2.82 -2.82 
2.58 -2.58 
2.34 -2.34 
2.10 -2.10 
1.85 -1.85 

o.oo o.oo 
-2.79 -32.70 
-5.59 -65.41 
-8.38 -98.11 

-11.18 -130.81 
-13.97 -163.52 
258.28 299.47 
805.59 1258.14 
797.19 1231.04 
788.80 1203.93 
780.41 1176.83 
772.02 1149.72 
763. 62 1122. 62 
755.23 1095.51 
746.84 1068.40 
738.45 1041.30 
730.05 1014.19 
721.66 987.09 
713.27 959.98 
702.11 935.64 
689.76 912.49 
677.41 889.34 
665.06 866.19 
652.71 843.05 
640.36 819.90 
628.01 796.75 
615.66 773.60 
603.31 750.45 
590.97 727.30 
578.62 704.15 
566.27 681.00 
553.92 657.85 
541.57 634.70 
-14. 30 -386. 41 

-301.43 -905.52 
-342.65 -928.30 
-452.35 -968.09 
-562.06 -1007.89 
-671.76 -1047.68 
-781.46 -1087.48 
-891.17 -1127.27 

-1000.87 -1167.07 
-1110.57 -1206.86 
-1220.28 -1246.66 
-1329.98 -1286.45 
-1439.69 -1326.25 
-1500.21 -1349.35 
-1413.19 -1322.37 
-1326.17 -1295.39 
-1239.15 -1268.41 
-1152.13 -1241.43 
-1065.11 -1214.45 
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I 
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52.00 
I 

-978.09 1.61 1-1.61 -1187.47 

I 53.00 1.37 .-1. 37 -891.07 -1160.49 
54.00 1.12 ~-1.12 -804.05 -1133.51 
55.00 0.88 -0.88 -717.03 -1106. 53 
56.00 0.64 1-0.64 -630.01 -1079.55 
57.00 0.39 ·-0.39 -565.47 -1058.59 I 58.00 0.15 -0.15 -568.35 -1055.70 
59.00 0.16 ,-o .16 -571.24 -1052.81 
60.00 0.16 ·-0.16 -574.13 -1049.92 
61.00 44.74 ;54. 60 199. 51 33.25 

I 62.00 67.03 181.97 583.83 577. 34 
63.00 67.06 81.94 578.82 582.35 
64.00 67.08 :8i. 92 573.81 587.36 
65.00 67 .11 81.89 568.81 592.36 
66.00 67.13 ·81.87 563.80 597.37 I 67.00 67.16 81.84 558.80 602.38 
68.00 67.18 ;81. 82 553,79 607.38 
69.00 67.21 81. 79 548.78 612. 39 
70.00 67.23 81.77 543.78 617.39 

I 71.00 67.26 :81. 74 538. 77 622.40 
72 .oo 67.28 81. 72 533.77 627.41 
73.00 67.31 ,81.69 528.76 632. 41 
74.00 67.33 81.67 523.75 637.42 
75.00 67.36 81.64 518.75 642.42 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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I 
TABLE.IV.3. 

Distance Bottom flanqe stress Bottom f lanqe stress 
(ft) envelopes due to vertical loads envelopes due to vertical loads 

I 
(dead + live + impact) ·· and the strenqtheninq system 

(ksi) (ksi) 

I I I I 

I 
Exterior Interior Exterior Interior 
Strinqer Strinqer Strinqer Strinqer 

i:-1_1 i:-1-1 i:-1-1 i:-1-1 
Max um I Maximum Max um I Maximum Max um I Maximum Max um I Maximum 

I 
Tension Compres. Tension Compres. Tension Compres. Tension Compres 

o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo 
1.00 2.39 0.25 2.50 0.35 2.39 0.29 2.63 0.53 

I 
2.00 4.59 0.45 4.82 0.65 4.60 0.54 5.08 1.00 
3.00 6.65 0.61 6.98 0.90 6.67 0.74 7.37 1.43 
4.00 8.55 0.73 8.97 1.10 8.57 0.90 9.50 1.82 
5.00 10.30 0.80 10.80 1.26 10.32 1.01 11.45 2.15 
6.00 11.89 0.82 12.46 1.36 10.63 -0.52 11.01 0.04 

I 
7.00 13.33 0.80 13.96 1.42 9,49 -3.69 8.16 -4.52 
8.00 14.61 0.74 15.30 1.43 10.81 -3.68 9.61 -4.36 
9.00 15.75 0.63 16.49 1.39 11.98 -3. 71 10.90 -4.24 

10.00 16.74 0.47 17.51 1.31 13.00 -3.79 12.03 -4.18 

I 
11.00 17.74 0.27 18.56 1.17 14.03 -3.91 13.18 -4.17 
12.00 18.63 0.03 19.47 o.99 14.94 -4.08 14.21 -4.20 
13.00 19.37 -0.26 20.23 0.75 15.72 -4.29 15.07 -4.28 
14.00 19.96 -0.60 20.84 0.47 16.34 -4.55 15. 79 -4.41 
15.00 20.42 -0.97 21.36 0.14 16.83 -4.85 16.41 -4.59 

I 
16.00 20.93 -1.40 21.88 -0.23 17.37 -5.19 17.04 -4.82 
17.00 21.29 -1.87 22.24 -0.66 17.76 -5.58 17.50 -5.09 
18.00 21.so -2.38 22.44 -1.13 18.00 -6.02 17.81 -5.42 
19.00 21.56 -2.94 22.48 -1.66 18.10 -6.49 17.94 -5.80 
20.00 21.54 -3.54 22.45 -2.23 18.13 -6.99 18.00 -6.24 

I 21.00 21.51 -4.19 22.39 -2.85 18.15 -7.55 18.03 -6.73 
22.00 21.32 -4.88 22.17 -3.52 18.02 -8.14 17.90 -7.26 
23.00 20.99 -5.61 21.79 -4.23 17.73 -8.78 17.60 -7.84 
24.00 20.50 -6.40 21.25 -s.oo 17.30 -9.47 17.15 -8.48 

I 
25.00 19.86 -7.22 20.55 -5.81 16. 71 -10.20 16.54 -9.16 
26.00 19.07 -8.09 19.69 -6.67 15.97 -10.97 15.76 -9.88 
27.00 18.13 -9.01 18.67 -7.58 15.08 -11. 79 14.83 -10.66 
28.00 17.04 -9.97 17.49 -8.54 14.03 -12.66 13.73 -11.49 
29.00 15.88 -10.97 16.25 -9.54 12.93 -13.57 12.58 -12.36 

I 30.00 14.62 -12.02 14.89 -10.60 11. 71 -14. 52 11.31 -13.28 
31.00 13.21 -13.12 13.38 -11. 70 10.35 -15.52 9.88 -14.25 

' 
32.00 11.65 -14.26 11.71 -12.85 8.85 -16.57 8.31 -15.27 
33.00 10.06 -15.44 10.01 -14 .05 9.86 -14.51 11.19 -11. 51 

I 
34.00 8.39 -16.67 8.22 -15.30 9.53 -14. 06 11. 72 -10.23 
35.00 6.61 -17.95 6.34 -16.60 7.92 -15.01 9,93 -11.39 
36.00 4,73 -19.27 4.33 -17.95 6.48 -15.48 8.06 -12.so 
37.00 2.85 -20.63 2.33 -19.34 5.05 -15.98 6.21 -13.67 
38.00 0.89 -22.04 0.42 -11.06 3.54 -16.54 2.69 -8.06 

I 39.00 -0.45 -14.52 -0.79 -11. 85 1.63 -10.98 1.57 -8.74 
40.00 -1.85 -15.45 -2.07 -12.67 0.54 -11. 43 0.38 -9.44 
41.00 -3.06 -16. 41 -3.00 -13.52 -0.38 -11.90 -0.47 -10.17 
42.00 -3.72 -17.80 -3.61 -14. 79 -0.73 -12.82 -1.00 -11. 33 

I 
43.00 -4.40 -19. 63 -4.25 -16. 31 -1.12 -14 .17 -1.56 -1~.73 

44.00 -5.11 -21.51 -4.92 -17.86 -1.53 -15.56 -2.14 -14 .17 
45.00 -5.85 -23.43 -5.61 -19.45 -1.97 -17.00 -2.75 -15.64 
46.00 -6.26 -24.36 -5.99 -20.23 -2.21 -17.67 -3.08 -16.35 
47.00 -5.60 -22.26 -5.38 -18.50 -1.79 -15.96 -2.53 -14. 71 

I 48.00 -4.98 -20.21 -4.80 -16.82 -1.40 -14.30 -2.01 -13.10 
49.00 -4.38 -18.21 -4.25 -15.19 -1.03 -12.69 -1.51 -11.54 
so.oo -3.81 -16.26 -3.72 -13.59 -0.70 -11.12 -1.05 -10.02 

I 
I 
I 

-
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APPENDIX C 

AXLE LOADS FOR 1980 IOWA DOT 
RATING TRUCKS 
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Straight Truck (Type 3) 

Total Wt. = 50 Kips 
.· (25 Tons) 

112 

19' 

15' 4' 

Wheel: 8 
Axle: 16 

8.5 8.5 

17.0 17.0 

li_ru_ck_+_S_e_m_i_-t_ra_il_e_r _ (Type 3s2 [A]) 
40' 

Total Wt. = 73 Kips 
(36.5 Tons) 

Wheel:5.5 7.75 7.75 
Axle: 11.0 15.50 15.50 

li_ri_u_c_k_+_S_em_i-_tri_a_il_er __ (Type 3s2 [B]) 

Total Wt. = 80 Kips 
(40 Tons) 

Wheel: 6 
Axle: 12 

8.5 8.5 
17.0 17.0 

51' 

22' 

33' 

7.75 7.75 
15.5015.50 

8.5 8.5 
17.0 17.0 

Fig. C-1. Iowa Department of Transportation 
legal dual axle truck loads. 



113 

' 
I Straight Truck ' (Type 3) 
I 

Total Wt. = 54.:5 Kips 

(27.25 Tons) 

Wheel: 6.25 
Axle: 12.50 

11' 

Ti.__ri....:.u:.....:c_k_+_S_e_m_i_-t_ra_il,_e_r __ (Type 3S3) 
' 

Total Wt. = BOi Kips 

19' 

7 7 7 
14 14 14 

43' 

(40 Tons) : 11' + 4'~ 20' t 4·r·i 
Wheel: 6 
Axle: 12 

6.5 
13.0 

I 

Ji_ri....:.u....:.c_k_+_S_e_m_l_-t_ra_il.._.e_r __ (Type 3-3) 
I 
I 

Total Wt. = 80 ,Kips 
(40 Tons) 

Wheel: 7.25 
Axle: 14.50 

Fig. C-1. Continued. 

15' 

6.5 7 7 7 
13.0 14 14 14 

43' 

6 6 6.75 7 7 
12 12 13.50 14 14 
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